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Description 

The invention relates to a method of producing a 
sandwich plate that consists of a foamed core layer and 
two fiber-reinforced cover layers, comprising the steps 
of 

providing a sheet of a thermoplastic plastics mate- 
rial, such as polyetherimide, containing an amount 
of a suitable solvent or blowing agent; 
placing said sheet between two fiber-reinforced lay- 
ers of a similar thermoplastic material, such as pol- 
yetherimide; placing the core web and cover layer 
assembly between two pressure plates; 
supplying heat and pressure to the pressure plates 
to cause foaming of the core web and 
cooling the pressure plates when a predetermined 
foam layer thickness is obtained. 

Examples of a thermoplastic sandwich plate con- 
sisting of a foamed core layer and two fiber-reinforced 
cover layers are disclosed e.g. in EP 0264495 and EP 
0313171. Such sandwich plates are e.g. suitable start- 
ing material for shaping (interior) parts for aircrafts, 
spacecrafts and ships, as well as for rail and road vehi- 
cles. For sandwich plates of this type are relatively eas- 
ily mouldable under pressure and heat (vide also EP 
0269148) and result in relatively light-weight parts hav- 
ing excellent strength properties, which is of particular 
importance in the aircraft and spacecraft field. Further- 
more the selection of a specific thermoplastic material, 
such as polyetherimide, leads to good fire resisting or 
fire retarding properties. 

In the above prior art documents various methods 
are described for producing such sandwich plates. 
According to a method that is described in more detail, 
a completed foam core layer (such as a polyetherimide 
foam layer) is assembled with two completed cover lay- 
ers (e.g. consisting of a polyetherimide impregnated 
fabric of aramide fibers), while supplying heat and pres- 
sure. To improve the bond between core and cover lay- 
ers it is proposed to provide the foam core layer with 
shallow grooves and to apply a web of a thermoplastic 
material (polyetherimide), which may have been pre- 
treated by a solvent, between the grooved foam layer 
and the cover layers. 

As an alternative the possibility of a production in 
situ is mentioned EP 0313171. This alternative method, 
which is actually used in practice, involves a method as 
defined herein above. As soon as the core web and 
cover layer assembly has reached a uniform tempera- 
ture that is required for foaming of the plastic material, 
the pressure plates are permitted to space apart in 
accordance with a certain foaming curve that is deter- 
mined by the type of plastic material , the solvent and the 
desired core layer thickness, until the predetermined 
foam layer thickness is obtained, after which the pres- 
sure plates and thereby the obtained sandwich plate is 



cooled. 

It will be clear, that this production method is sim- 
pler and therefore more efficient as compared with the 
first mentioned method and that a reliable bond 

5 between core and cover layers is secured without any 
pretreatment such as the provision of grooves and inter- 
mediary layers. 

It has been found in practice, however, that the thus 
produced sandwich plates generally show surface irreg- 

io ularities in the form of bulges and/or pits, which are var- 
iably distributed across the cover layer surface. These 
bulges and/or pits are even manifest with rather thin 
plates (e.g. 6 mm) and appear in a more pronounced 
manner according to the ultimate thickness and the 

15 foam density of the foam core layer and/or the plate sur- 
face being larger. It will be clear, that during foaming of 
the core layer under heat and pressure solvent will 
release therefrom and will act upon the thermoplastic 
material in the cover layers. This migration of solvent 

20 from core layer to cover layers is even required to obtain 
a reliable bond between these layers. This, however, 
does not yet explain the creation of the above men- 
tioned irregularities. 

It is an object of this invention to remove the above 

25 drawback of the presently used method and to provide 
a method of producing a sandwich plate of the type 
above referred to and which has a substantially smooth 
outer surface, without bulges and/or pits. 

The present invention is based on the surprising 

30 inside that the irregularities in the surfaces of the cover 
layers above referred to are caused by the remaining 
solvent in the (preformed) cover layers, which may be as 
high as 0,5 % of weight and is not evenly distributed 
across the cover layer. 

35 According to the invention a method of the above 
type is provided, wherein at least one of the cover layers 
has a remaining percentage of solvent that does not 
exceed 0,1% of weight 

By using cover layers having a remaining percent- 

40 age of solvent which is substantially lower than usually, 
such cover layers will behave - until the end of the pro- 
duction process of the sandwich plate - as a rather 
homogeneous layer without locations of preference for 
the action of the solvent that is migrating from the core 

45 layer during the process. 

It is to be remarked, that the term "core sheet" is 
intented to cover also a multiple sheet, e.g. consisting of 
a plurality of sheets with a fiber reinforced layer therebe- 
tween. 

so The invention will be hereinafter further explained 
by means of a number of examples. 

Example 1 

55 A 600 \i thick sheet of polyetherimide, known under 
the trade name Ultem 1000 standard grade of General 
Electric Company, to which 16-18% of weight of the vol- 
atile solvent dichloromethane is added, is placed 
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between two about 0,5 mm thick cover layers consisting 
of a poly-etherimide (Ultem 1000) impregnated glass 
fiber fabric (type: "8 harness satin weave", style 7781). 
During the production process of these cover layers the 
drying step is extended such, that the remaining per- 
centage of solvent (N-methylpyrrolidinone) does not 
exceed 0,1 percentage of weight. 

The core sheet and cover layer assembly is placed 
between two pressure plates heated at a temperature of 
about 190°C. The pressure plates are placed under a 
pressure of about 0,4 kPa/cm 2 . 

After about 20 seconds the assembly has reached 
a uniform temperature of about 185°C. The spacing 
between the pressure plates is then increased in 
accordance with a foaming curve adapted to the 
selected type of sheet, until the desired foam core layer 
thickness of 10 mm is obtained. This thickness is 
obtained after about 12 seconds. 

Upon cooling the sandwich plate obtained shows a 
smooth surface on both sides, without bulges and/or 
pits, whereas the strength of the plate is as high as that 
of the sandwich plates obtained by the presently applied 
method. 

When using a core sheet of a larger thickness of 
e.g. 1200 (x the foaming step is taking more time so that 
there is also more time for the solvent migrating from the 
core sheet during foaming to act upon the thermoplastic 
material of the cover layers, so that, while the further cir- 
cumstances are equal, yet a certain tendency to form 
bulges and/or pits is observed. 

Example 2 

A 1200 \i thick sheet of polyetherimide of the same 
type as used in Example 1 and to which 15-17% of 
weight of dichloromethane is added, is placed between 
two about 0,5 mm thick cover layers consisting of a pol- 
yetherimide (modification type Ultem D 5001) impreg- 
nated glass fiber fabric (type: "8 harness satin weave"). 
During the production process of said cover layers the 
drying step is extended such, that the remaining per- 
centage of the solvent (N-methylpyrrolidinone) does not 
exceed 0,1% of weight. 

The core sheet and cover layer assembly is placed 
between two pressure plates, which are heated to a 
temperature of 190°C and are placed under a pressure 
of about 0,4 kPa/cm 2 

After about 26 seconds the assembly has reached 
a uniform temperature of about 185°C. The spacing 
between the pressure plates is then increased in 
accordance with a foaming curve adapted to the 
selected type of sheet, until the desired foam core layer 
thickness of 20 mm is obtained. This thickness is 
obtained after about 18 seconds. 

Upon cooling the sandwich plate shows a smooth 
surface on both sides, without bulges or pits. 

In this example the disadvantageous influence of 
the longer foaming time is compensated by the higher 



chemical resistance of the polyetherimide modification 
used in the cover layers. This means, that, although the 
dichloromethane migrating from the core layer during 
the foaming will act longer on the material of the cover 

5 layers, the effect of this action will not be larger than in 
example 1 . It will be appreciated that a difference in 
chemical resistance between the thermoplastic material 
in the core and cover layers may also be realized by the 
selection of plastics having different compositions. As 

10 an example polyethersulfone may be used for the core 
layer, while polyetherimide (Ultem 1000 of Ultem D 
5001) is used for the cover layers. 

Preferably, however, the same type of thermoplastic 
material is used for both the core and cover layers, 
75 whereas polyetherimide is preferred from a strength 
view point. 

Example 3 

20 A 300 \l thick sheet of polyetherimide, known under 
the trade name Ultem 1000 standard grade of General 
Electric Company, to which 1 7- 1 9% of weight of the vol- 
atile solvent dichloromethane is added, is placed 
between two about 0,5 mm thick cover layers consisting 

25 of a polyetherimide modification (Ultem 5001) impreg- 
nated glass fiber fabric (type: "8 harness satin weave", 
style 7781). The remaining percentage solvent (N- 
methylpyrrolidinone) in the cover layers is about 0,5% of 
weight. The chemical resistance of polyetherimide 5001 

30 is higher than that of polyetherimide 1000. During the 
production process of these cover layers the drying step 
is extended such, that the remaining percentage of sol- 
vent (N-methylpyrrolidinone) does not exceed 0,1 per- 
centage of weight. 

35 The core sheet and cover layer assembly is placed 
between two pressure plates heated at a temperature of 
about 190°C. The pressure plates are placed under a 
pressure of about 0,4 kPa/cm 2 . 

After about 1 7 seconds the assembly has reached 

40 a uniform temperature of about 185°C. The spacing 
between the pressure plates is then increased in 
accordance with a foaming curve adapted to the 
selected type of sheet, until the desired foam core layer 
thickness of 5 mm is obtained. This thickness is 

45 obtained after about 8 seconds. 

Upon cooling the sandwich plate obtained has a 
density of about 75 kg/m 3 and shows a smooth surface 
on both sides, without bulges and/or pits, whereas the 
strength of the plate is as high as that of the sandwich 

so plates obtained by the presently applied method. 

When using a core sheet of a larger thickness of 
e.g. 900 \i § that is blown to a thickness of 10 mm and 
results in a density of about 1 1 0 kg/m 3 the foaming step 
is taking more time and the amount of dichloromethane 

55 is larger, so that the solvent migrating from the core 
sheet during foaming will act upon the thermoplastic 
material of the cover layers longer and more intensive 
while the further circumstances are equal, due to which 
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a certain tendency to form bulges and/or pits is 
observed in spite of the increased chemical resistance 
of the plate material in the cover layer. 

Example 4 s 

A 1900 \i thick sheet of polyetherimide of the same 
type as used in Example 1 and to which 14-16% of 
weight of dichloromethane is added, Is placed between 
two about 0,5 mm thick cover layers consisting of a pol- 10 
yetherimide (modification type Ultem D 5001) impreg- 
nated glass fiber fabric (type: "8 harness satin weave"). 
During the production, process of said cover layers the 
drying step is extended such, that the remaining per- 
centage of the solvent (N-methylpyrrolidinone) does not 15 
exceed 0,1% of weight. 

The core sheet and cover layer assembly is placed 
between two presure plates, which are heated to a tem- 
perature of 190°C and are placed under a pressure of 
about 0,4 kPa/cm 2 . 20 

After about 32 seconds the assembly has reached 
a uniform temperature of about 185°C. The spacing 
between the pressure plates is then increased in 
accordance with a foaming curve adapted to the 
selected type of sheet, until the desired foam core layer 25 
thickness of 20 mm is obtained. This thickness is 
obtained after about 18 seconds. The density of the 
foam is 110 kg/m 3 . 

Upon cooling the sandwich plate shows a smooth 
surface on both sides, without bulges or pits. 30 

In this example the disadvantageous influence of 
the longer foaming time and of the larger amount of 
migrating solvent is compensated by the higher chemi- 
cal resistance of the polyetherimide modification used in 
the cover layers. This means, that, although the dichlo- 35 
romethane migrating from the core layer during the 
foaming will act longer on the material of the cover lay- 
ers, the effect of this action will not be larger than in 
example 3. It will be appreciated that a difference in 
chemical resistance between the thermoplastic material 40 
in the core and cover layers may also be realized by the 
selection of plastics having different compositions. As 
an example polyethersulfone may be used for the core 
layer, while polyetherimide (Ultem 1000 of Ultem D 
5001) is used for the cover layers. 45 

Preferably, however, the same type of thermoplastic 
material is used for both the core and cover layers, 
whereas polyetherimide is preferred from a strength 
view point. 

For reinforcement purposes various other reinforce- so 
ment fibers may be used instead of the glass fibers 
used in the above examples. In this connection refer- 
ence is made to the possibilities mentioned in the above 
cited prior art documents. 

55 

Claims 

1. A method of producing a sandwich plate that con- 
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sists of a foamed core layer and two fiber-reinforced 
cover layers, comprising the steps of 

providing a sheet of a thermoplastic plastics 
material, such as polyetherimide, containing an 
amount of a suitable solvent or blowing agent; 
placing said sheet between two fiber-reinforced 
layers of a similar thermoplastic material, such 
as polyetherimide; 

placing the core web and cover layer assembly 
between two pressure plates; 
supplying heat and pressure to the pressure 
plates to cause foaming of the core web and 
effect bonding between the foamed core and 
the cover layers by diffusion from solvent from 
the core layers into the cover layers; 
cooling the pressure plates when a predeter- 
mined foam layer thickness is obtained, 
characterized in that one of the cover layers 
has a remaining percentage of solvent that 
does not exceed 0,1 % of weight. 

2. A method according to claim 1, characterized in 
that the thermoplastic material in at least one of the 
cover layers is a modification having a higher chem- 
ical resistance than the thermoplastic material of 
the core layer. 

Patentanspruche 

1 . Verfahren zur Herstellung einer aus einer Schaum- 
Kernschicht und zwei faserverstarkten Deckschich- 
ten bestehenden Verbundplatte. durch die Schritte: 

die Beschaffung einer Platte aus einem ther- 
moplastischen Kunststoff, wie Polyatherimid. 
welcher ein geeignetes Lfisemittel Oder Blase- 
mittel enthait; 

das Anbringen dieser Platte zwischen zwei 
faserverstarkten Schichten aus einem ahnli- 
chen thermoplastischen Werkstoff, wie Poly- 
atherimid; 

das Anbringen der Kernplatte/Deckschichtein- 
heit zwischen zwei Druckplatten; 
die Beaufschlagung der Druckplatten mit 
Warme und Druck um der Kernplatte zum Auf- 
schaumen zu bringen, wobei die Haftung zwi- 
schen dem aufgeschaumten Kern und den 
Deckschichten durch Diffusion von LCsemittel 
aus den Kernschichten in die Deckschichten 
bewirkt wird; 

das Kuhlen der Druckplatten, nachdem eine 
vorbestimmte Schaumschichtdicke erreicht 
worden ist; 

dadurch gekennzeichnet, dass eine der Deck- 
schichten einen Restanteil an LGsemittel ent- 
hait, der nicht uber 0,1 Gew.% hinausgeht. 
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2. Verfahren nach Anspruch 1, dadurch gekenn- 
zeichnet, dass der thermoplastische Werkstoff in 
mindestens einer der Deckschichten eine Modif ika- 
tion mit einem hGheren chemischen Widerstand als 
der der thermoplastische Werkstoff der Kernschicht 5 
ist. 

Revendications 

1. Proc§d§ de fabrication d'un panneau sandwich 10 
constitug d'une couche centrale en mousse et de 
deux couches de recouvrement renforc6es de 
fibres, comprenant les 6tapes consistant d : 

disposer une feuille de matfere plastique ther- is 
moplastique, telle qu'un po!y6therimide, conte- 
nant une quantity d'un solvant appropri6 ou 
d'un agent gonf lant ; 

placer ladite feuille entre deux couches renfor- 
c6es de fibres d'une matfere thermoplastique 20 
similaire, telle qu'un poly6therimide ; 
placer I'ensemble de la toile centrale et des 
couches de recouvrement entre deux plaques 
de pression ; 

amener de la chaleur et de la pression sur les 25 
plaques de pression pour provoquer le mous- 
sage de la toile centrale et r£aliser la liaison 
entre la mousse centrale et les couches de 
recouvrement par diffusion du solvant depuis 
les couches centrales jusque dans les couches 30 
de recouvrement ; 

refroidir les plaques de pression quand une 
6paisseur pr6d6termin6e de couche de 
mousse a 6t6 atteinte, 

caract£ris6 en ce que Tune des couches de 35 
recouvrement un pourcerrtage de solvant res- 
tant qui n'exc&Je pas 0,1 % en poids. 

2. Proc§d6 selon la revindication 1 , caract£ris£ en ce 
que la mati&re thermoplastique dans Tune au moins 40 
des couches de recouvrement est une modification 
ayant une resistance chimique plus 6lev6e que la 
mati&re thermoplastique de la couche centrale. 
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